Figure 1. This 64×64µm indium photoemission map captures OLED degradation in action. The central bright spot reveals the complete removal of the organic layers. Movement of indium from substrate to cathode causes the higher intensity near the crater.
Another advantage is the ability to focus the beam to obtain spatially resolved chemical maps of the surface. However, synchrotron-based methods have extremely high photon flux that could electrically charge or damage the organic layer. Therefore, the success of the study relies heavily on choosing the right investigation technique.
We used soft x-ray scanning photoemission microscopy to investigate the problem of dark spot formation. We focused the xray beam with a spatial resolution of approximately 100nm on a working OLED aluminum cathode. The cathode operated in an ultrahigh vacuum. In addition, we recorded the chemical map of
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the original cathode, tuning the electron analyzer to distinguish the different chemical species present on the cathode surface. We captured the degradation of the device in action, revealing the explosion of bubble-like defects on the cathode surface. The chemical map highlighted the presence of significant amounts of indium from the disruption of the indium tin oxide (ITO) anode. Figure 1 shows a photoemission image acquired by collecting the In3d signal around an exploded bubble. The strong signal from the center of the damaged region comes from the ITO film. It reveals the complete removal of the organic layers. The intensity increase near the crater is due to the transport of indium from the substrate to the aluminum cathode. We used this technique to investigate the essential contribution of the ITO anode morphology and chemistry on dark spot formation. [3] [4] [5] The current approach allowed us to investigate dark spot formation. Next, we plan to study intrinsic OLED degradation using synchrotron radiation. We will analyze the chemical changes that can occur in aged OLED devices using infrared spectromicroscopy and x-ray transmission spectromicroscopy. These techniques will enable us to get images sensitive to chemical bonds, and to determine the chemical fingerprint and distribution of organic materials in a complete multilayered device. We may also study organic layer morphology in operating devices.
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